We argue that interdependencies between farms are crucial for assessing effects of direct payments on farmers exit decisions. Using spatially explicit farm level data for nearly all Norwegian farms, a binary choice model with spatially lagged explanatory variables is estimated in order to explain farm survival from 1999 to 2009. We show that ignoring spatial interactions between farm leads to a substantial overestimation of the effects of direct payments on farm survival. To our knowledge, this paper is the first attempt to empirically analyze the role of neighbor interactions for farm structural change in general and for an assessment of the effects of direct payments on farm survival in particular.
Introduction
In Norway, as in many other industrial countries, direct payments are often legitimized as a way to maintain a vital agricultural sector and, in particular, to prevent the abandonment of farms. It is often argued that agricultural supports increase farm profitability and thus reduces farm exits. This argument is supported by Breustedt and Glauben (2007) in an regional level analysis for Western Europe in which they concluded to have found " […] empirical evidence that the former EU's Common Agricultural Policy (CAP) has probably reduced the structural change in agriculture during the last decades of the last century via price support and subsidy payment programmes […] (p. 124)". Similarly, in a regional level analysis for the US Goetz and Debertin (2001) found that higher "[g]overnment payments reduce the odds that a country loses farms on net" but additionally that among the regions in which the number of farms decline " […] higher payments accelerate the rate at which farmers exit (p.1020)".
These studies analyze the effects of income support on net regional farm exit. These aggregate regional effects, however, might mask potential different reaction at the individual farm level. An additional drawback is that they need to rely on regional variation in payment 2 levels or other farm characteristics for identification. This renders variable definition and interpretation more complicated.
Individual farm level studies, such as Key and Roberts (2006) , on the other hand allow or more direct analysis of the effects of farm characteristics and payments. In their farm level analysis farm survival for US farms Key and Roberts (2006) found "a small but statistically significant positive effect [of payments] on farm business survival (p. 391)". For an overall assessment of the effects of payments however an aggregation of the individual farm level effects is necessary. We argue that for such an aggregation it is crucial to consider the interdependence between farm behavior. Since so far this link is missing in farm level studies, Roberts and Key (2008 p. 628 ) argued in favor of regional level studies that: " [Farm level] studies [...] consider effects of payments on the growth or survival of individual farms, which cannot predict the effects of an increase in payments on aggregate farm structure. This is because studies of individual farms cannot account for how induced changes on one farm affect other, neighboring farms […] ." In this paper we aim to consider these interactions between individual farms in the estimation and for an overall aggregation of the effects induced by a policy change. Particularly, the objective of this paper is to empirically analyze the effect of direct payments on farm exit rates controlling for spatial farm interaction using individual farm level data of nearly all Norwegian farms for 1999 and 2009. It is argued that ignoring the spatial interaction between farms in the aggregation of the results leads to an overestimation of the effects of direct payments on farm survival. To our knowledge this paper is the first attempt to analyze empirically the role of neighboring interaction for farm structural change in general and for an assessment of the effects of direct payments on farm survival in particular.
The importance of neighboring interaction is long recognized in the agent-based model literature. Balmann (1997) identifies spatial interdependence of farms, the immobility of land, and the location of farms in space as important assumptions (among others). In his model the spatial interdependence between farms are considered through interaction on the local land market. Here, farms compete for the limited resource land which is immobile and located at a specific point in space. The developed agent-based model is employed in further studies to analyze the importance of sunk cost ) and the effects of decoupling for structural change in Germany .
3
Despite the recognition in the agent-based model literature, empirical studies concerned with spatial interaction in farm structural change are rare. An exception is Huettel and Margarian (2009) who analyze the effects of interactions on the land market for farm structural change. They consider different theoretical frameworks of strategic competition to characterize farm behavior on the land market leading to several hypotheses concerning the relationship between initial farm structure and farm growth which are then tested empirically.
Even though their theoretical model is based on interaction on the land market their empirical model does not explicitly consider interaction between farms. Instead they model farm size developments as a Markov process in which transition probabilities between size classes are explained by regional or time varying variables. In contrast, our approach is based on individual farm data and does consider spatial dependence between farms explicitly. Similar to our approach, Weiss (1999) analyzed farm survival and farm growth in Upper Austria using farm level data. He recognizes farm interdependence and the competition for land and labor; "Farm exits are a precondition for the farm sector to change its structure since land and labor are reallocated among remaining farms […] (p. 104)", but does not consider it in his empirical application.
In other areas such as land use/cover change, spatial dependencies and interactions on the land market are more widely recognized (see Irwin and Geoghegan 2001 and Verburg et al. 2004 for a review). Gellrich and Zimmermann (2007) focus is on drivers of land abandonment in the Swiss mountains. In some respect land abandonment is similar to farm structural change since the reasons to abandon land and to exit farming likely overlap. Their model is based on an economic framework taking off-farm employment opportunities, the share of part-time farmer and policy variables into account. Given their objective, however, their model looks at the regional scale and not at the individual farm level. Spatial correlation is thus considered between neighboring regions instead of individual farms.
One reason for the lack of empirical models analyzing spatial interactions between farms might be the scarcity of spatially explicit farm level data. The available data source for Norway thus provides a unique opportunity to analyze spatial aspects of farm structural change on the farm level empirically. We estimate a spatial binary choice model to explain farm survival using own as well as neighboring farm characteristics.
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The remainder of the paper is structured as following. First, a theoretical model for farm size and interaction on the land market is derived. Based on this hypothesis about potential drivers of farm survival are discussed. In section 3 an overview on the available data base is given. The empirical model with the specification of the spatial weighting matrix as well as definition of dependent and explanatory variables is given in section 4. The regression results and the results of policy scenario simulations are presented in section 5 and 6. Section 7 concludes.
Theoretical model and Hypothesis
In order to discuss the spatial interaction on the land market and to guide the selection of explanatory variables a simple spatial competition model is developed. The model is inspired by a uniform delivery model (Graubner et al. 2011 ) and a Hotelling spatial competition model adapted to accommodate farm structural change. The general idea is that farms occupy that area for which their willingness to pay (WTP) per hectare, adjusted by transportation cost, is greater than zero and exceeds that of all competitors. As in the Hotelling spatial competition model we consider two farms , i A B  located at both ends of a line with length one. All available agricultural area is of homogenous quality and spread equally along the line between the two farms.
Farm WTP i  for one unit land is equal to the marginal value product of land i.e. the residual return to land after cost for all other production factors, including opportunity costs for labor and capital, are accounted for. Each unit of cultivated land ties labor and capital that could otherwise be employed or invested outside the farm, therefore, i  can also be interpreted as the difference between the on-farm income per area unit and the forgone offfarm income induced by cultivating that area unit. In some cases i  can also be larger than that difference (i.e. the marginal value product of land) if farmers derive non-pecuniary utility from being self employed or see farming as a "way of life" (Key and Roberts 2009 for all available land. In this case one farm quits farming while the other takes over all agriculture land (Figure 1 ).
WTP for land differs between farms due to different characteristics of the farm business and the farm holder. Of particular interest with respect to the research question is the effect of direct payments on WTP and therefore finally on farm exit. Key and Roberts (2006 p. 391) found empirical evidence that government payments have significant positive effect on farm survival. He argued that this might be explained by the possibility to bid up prices on the land market and for other fixed resources. Payments might "relieve liquidity constraints allowing farms receiving more payments to achieve a more efficient scale and remain in business longer (p. 391)." Payments might also make "farming more profitable relative to alternative occupations, thereby reducing incentives to exit agriculture (p. 391)." (1) However, the age of the farm holder is the only variable available in the empirical application. Key and Roberts (2006) argued that "[a]ge may be correlated to knowledge about the firm's competitive abilities-with older owners able to acquire more information (p.
383)". Additionally, the financial liquidity of the farm holder might increase over time with older owner being able to "accumulate sufficient net worth to obtain a certain scale of production (p. 383)". On the other hand beyond a specific age farm development is strongly dependent on the availability of successor. Farms might increase their size before retirement if a successor is available or if not might decrease in size in order to prepare for an exit. The theoretical effect of age on farm growth and survival is thus unclear.
From (1) it follows that farms own size is positively related to own i  but negatively related to neighboring i  . In general we thus expect the effects of neighboring characteristic on own size to be the opposite as the effects of own characteristics. This means for total direct payments, for example, where we expect a positive influence on WTP that own size is positively related to own payments but negatively related to neighboring payments.
Farm growth and survival therefore depends on the relative difference between WTP, AB   , between farms, i.e. farms' occupy that area for which their difference between on and off-farm income exceeds that of their competitors, for both considering transportation costs. With respect to the payments, this implies that in a situation where changes in payments are the same for all farms also i  changes by the same amount for all farms.
Changes in payments could be the same in case of decoupled payments or coupled payments when farms production program are exactly the same. Since there is competition on the land Finally, it is important to point out that the presented model only accounts for spatial interactions on the land market which are assumed to be important but which might not be the only way farm interact which each other. One other important type of interaction is technology adoption and knowledge transfer (Rogers 1995 , Berger 2001 (Feder and Slade 1984) and might also be more important in maintaining an active cooperate network of suppliers and processors. Therefore, small farms might benefit more from larger neighbors as large farm do from small ones. In this case, WTP of farms with larger neighbors' increases more compared to farms with smaller neighbors. Based on this reasoning neighboring size can also have a positive influence on own WTP and hence farm size and survival. Which effects dominate in the end, the negative due to competition on the land market or the positive due to an active cooperate network, remains an empirical question. In general all cases where we do not find the opposite sign of neighboring characteristics compared to own characteristics hints at interaction between farms other than the competition on the land market.
Data
The analysis is based on data from the Norwegian Direct Payment Register for the years 1999
and 2009. The register contains information about agricultural area by crop and number of animals by type of animal (126 different crop and animal activities are distinguished) for every farm that applies for direct payments. Eligibility for direct payments is subject to certain conditions, one of which is a minimum economic size of the farm (measured by turnover) in order to prevent "hobby-farms" from receiving subsidies. As a consequence, the total numbers of acreage and/or animals may be somewhat underestimated when compared with other official sources such as slaughter statistics or the decennial total farm census.
Individuals and legal entities managing agricultural area or keeping animals eligible for direct payments may apply for subsidies by filling in data in the register. The register links the amount of acreage and animals with business identification and property numbers.
Additionally, farmers' social security numbers are available containing the birth date.
As the unit of analysis we rely on the property number. Property units present in 1999, but not Table 1 shows the number of farms covered in the database for the two measures mentioned above and compared to the number of farms recorded in other statistics. 
Empirical model and estimation
The paper aims to explore the effects of own and neighboring direct payments on farm survival. Therefore, we estimated a spatial probit model where we consider the exit decision Wy Xβε , since they allow greater flexibility with respect to the direct and indirect effects of explanatory variables. As shown by Pace and Zhu (2012) , in the SAR model the indirect effects have the same signs as the direct effects and the ratio between indirect and directs effects is constant across variables. This is an undesirable property for our purpose since we expect in general the direct effects of own payments to differ from the indirect effects of neighboring payments (see section 2).
The SLX model is estimated using standard probit maximum likelihood estimation techniques. We then test for spatial error dependence using three different test principles appropriated for probit models that are discussed and compared in Amaral et al. (2012 (2011) argued, however, that in most spatial application each observation might only depend on a limited number of neighbours such that the sparsity of the variance-covariance matrix can be exploited in order to reduce the computation burden of the GHK sampler. They further propose to adopted the GHK algorithm to rely on a Cholesky decomposition of the precision matrix (i.e. the inverse variance-covariance matrix) instead of the variance-covariance matrix since in many situations it has greater sparsity.
In our specific implementation for the SDEM model we also rely on the precision matrix being equal to
As recommended by Pace and LeSage (2011) Optimization Toolbox using a constraint maximisation solver with an interior-point algorithm. Derivates are approximated numerically using forward differences. as active if at least one production activity is observed for the farm in the payment data base.
Because of missing observations due to mergers of municipalities it was necessary to exclude 11 municipalities from the analysis 6 .
As explanatory variables we consider some that can be derived from the payment data base as well as from additional statistics such as the 1999 farm census. As discussed in section 2, with respect to the research objective to explain farm exit, the most important Norwegian agricultural policy. Based on these reference farms information about the market return per unit of production activity is derived. A full cost accounting is applied considering fixed costs, depreciation and capital costs. Labor costs are excluded in order to derive the return to labor. The derived per unit rates are then multiplied by the production activity levels of each farm observed in the payments data base, resulting in the total market returns per farm. Due to data limitations it is not possible to distinguish market return rates with respect to different farm size or location. It is thus likely that the actual market return of a farm differs from the derived average market return. Nevertheless, we expect that the derived measures provide an appropriate approximation of the difference in farms market return that arise due to different production programs. Due to these limitations all income measures based on the market returns needs to be interpreted as the potential or expected income given a farmer's production program. In the following we will use the terms income or on-farm wage to describe this expected income of a farm.
The direct payments per farm are calculated using actual payment rates and eligibility rules. Most of the payments are based on current levels for animals and crops and differentiated by region and farm size. Using the observed production activities in the payment data base and considering the specific region and size of a farm the direct payments can be calculated rather accurately for each farm.
Total income is defined as the sum of total market returns and total direct payments. To derive farms' on-farm wage rate, the average labor requirement is calculated for each farm based on its actual production program using estimated labor input use coefficients. The potential wage rate of a particular farm is than obtained as the ratio of total direct payments or total market returns over total labor requirement. Additionally, we obtain a measure for the potential change in the on-farm wage rate if the farm would not have altered it size or production program. For the calculation we keep the production program constant to the 1999 level, even though we have observations on the actual production programs during the period.
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The reasoning is that changes in the production program might already be the results of changes in income opportunities that we aim to measure. A more detailed description of the way the variables are derived is provided in Storm and Mittenzwei (2013) .
As discussed in section 2 for a theoretical perspective it remains undeceive of whether the total income or the on-farm wage rate is more important for farmers WTP for land and hence farm survival. In the empirical application we thus include all the variable just discussed, namely the total direct payments in 1999 (dpay99) and the total market return in 1999 (mReturn99) as a measure of total farm income as well as the direct payment and market return per labor requirement in 1999 (dpay99/reqLabo and mReturn99/reqLabo) und the change in the latter two (C.DPayLabo and C.mRetLabo), as measures of the on-farm wage rate.
Additionally total agricultural area (area), total observed labor input in 1999 (obsLabo99) and estimated labor requirement for 1999 (reqLabo99) 7 are included. These three variables together with total income are all measures for the absolute size of the farm and therefore positively correlated (Table 2) . Further, in line with the discussion in section 2 the age of the farm holder 8 (age), a ratio of leased to total agricultural area (landLease/Tot) and a ratio between observed labor input and estimated labor requirements (laboObs/Req) as a measure of farm productivity is included. As a rough measure to reflect specialization specific policy environments dummy variables for indicating if a farm has milk cows (hasMilk), sheep (hasSheep), sows (hasSows) or poultry (hasPoultry) are considered. Descriptive statistics of all explanatory variables along with their variable codes, are provided in Table 3 . In the regression analysis all variables are z-standardized by subtracting the mean and dividing by the standard error.
A requirement for the estimation of model (2) and (3) is to specify a spatial weighting matrix W . The spatial weighting matrix should be constructed in order to closely approximate the neighboring relations between farms. This task is challenging in general and in particular for the background of the heterogeneous farming regions in Norway, varying from small scale berry production areas with high farm density to extensive sheep grazing regions with low farm density per unit area. We also expect that neighboring relations and the size of the local land market to differ between regions. In rather dense regions the distance between farms and the fields farmers compete for are likely smaller than in regions with only few farms. From the 1999 farm census, data about the driving distance to the furthest field is available and can be linked to the payment data base. We expect that these data carries some information about the regional structure of the farm sector, the distances farmers are willing to travel and hence the distance over which farms compete for land.
Using this data the median driving distance to the furthest field in each municipality is calculated. The median is used in order to eliminate the influence of potential outlier and zero observations that cannot be distinguished from missing observations. Neighbors of a farm are then defined as all farms that are within a radius of this median municipality driving distance.
Additionally, the maximum number of neighbors is set to 20 (nearest neighbors) in order to prevent farms from having an unrealistically large number of neighbors. Finally, the farms identified as neighbors are weighted by their inverse distance, giving nearer neighbors a larger weight compared to neighbors further away.
One common criticism of spatial regression models is that the neighboring relations are defined in a rather arbitrary fashion and do not necessarily represent the true neighboring relation between farms. Even though we base our definition of the neighboring relationships on empirical data this criticism remains valid. However, as pointed out by LeSage and Pace (2011) , in most cases the results of spatial regression models are less sensitive to the definition of the spatial weighting matrix as commonly believed. In order to explore the sensitivity of our results to the definition of the spatial weighting matrix we repeat estimation of the SLX model using two alternative definitions of neighboring relationships: First all farms within a fixed radius of 2km are considered as neighbors and, secondly, the 5 nearest farms are considered as neighbors. As can be seen in appendix A-1) , the results are largely unaffected by the definition of the neighboring relations.
Regression results
In the following the results for a model with and without the spatial interactions are presented. Distinguishing between the two models allows us to highlight how the conclusion regarding the effects of direct payments changes when ignoring spatial interactions. The regression results for the non-spatial model as well as the results for the spatial model using the SLX and SDEM model specification are reported in Table 6 . It can be seen that the coefficients with respect to the non-spatially lagged variables differ only slightly between the three specifications. This allows us to discuss the non-spatial results first and to highlight the differences with respect to the spatial model in the following.
The non-spatial regression results are presented in the left part of To assess the explanatory power of individual variables, we can explore how the percentage of correct prediction changes with or without the variable under consideration. Overall we found that the variables related to farm size (area, obsLabo99, reqLabo99, and dpay99) are most important explaining farmers' exit/survival decision (Table 4) (Table 5 ). Taken together the results indicate that the absolute size of a farm is more important than the on-farm wage rate per hour or changes in this on-farm wage rate. As discussed in section 2 this might hind to potential imperfections on the labor market which render the potential onfarm income per person or family, as approximated by the absolute size of a farm, as more important than the on-farm wage rate per hour.
It is useful to analyze the effects of the absolute size and in particular the effects of direct payments on survival in more detail. Overall, all variables related to the absolute size of a farm show a positive influence (some with decreasing rate) between farm size and survival.
To illustrate the relationship for direct payments, the survival probability is calculated based on the non-spatial regression results for an 'average' farm, keeping all other explanatory variables fixed at their means and vary only the total amount of direct payments. Figure 2 shows that direct payments have a larger effect for relatively small farms which is leveling out for larger farms. This indicates, as mentioned above, that farms need to have a sufficient size to provide for the family. Beyond that size, additional direct payments do not much increase the probability of survival anymore. From a policy perspective we could draw the conclusion from the non-spatial findings that increasing direct payments would be one approach to increase the survival probability of farms which do not have a sufficient income potential without them. In the following we explore how this conclusion is affected when considering spatial interaction between farms.
The spatial regression results for the SLX and SDEM model are reported in the right part of Table 6 . For model specification we included all variables, except the squared terms, as spatially lagged variables 9 . The regression results for the SLX and SDEM model almost 9 Since the spatially lagged variables show less variation we summarize variables that are highly correlated and measure related aspects. Specifically, the two variables for the on-farm wage rate mReturn99/reqLabo and dpay99/reqLabo are summarized to one variable W_FarmWage99. Similarly, the two variables for the change in Nevertheless, with respect to answering our research question considering the spatial effects is crucial. For the non-spatial findings we concluded that the absolute size of a farm is the most important factor in explaining farmer's survival decision and that, for the relevant range, the larger the absolute size the higher the survival probability, irrespective of how the absolute size is measured. This result also applies for the spatial model but the effect of the absolute size of neighboring farms is somewhat more complicated. When considering only one spatially lagged variable for the absolute size, we found a negative influence between neighboring size and own survival irrespectively which variable (w_dpay99, w_uaar or w_laboreq99) is used to measure the absolute size. As discussed above all three measures of the absolute size of the farm are highly correlated and the same holds for the spatially lagged absolute size measures. Nevertheless, the large sample size is sufficient to anyway identify different coefficients on the three variables (Table 6 ). Farms with larger neighbors in terms of area and labor use having a higher survival probability while farms with larger neighbors in terms of total direct payments having a lower survival probability.
labor requirement that does not allow identifying both variables. The general model results and conclusions, however, are unaffected by the choice of which to exclude from the model. As discussed in section 2 a reason for this finding could be the multiple ways farm interact which each other. On the one hand farms gain from an active farming neighborhood and cooperative network due to technology diffusion or easier accesses to suppliers or processors. The larger the neighboring farms in terms of the cultivated area and/or the total labor use, the more likely it is that farms are situated in an active cooperative network with the positive effects that follow from this. On the other hand farms compete with their neighbors for the limited resource land on local land markets. Neighboring farms with a high willingness to pay for land should thus have a negative effect on farm survival since it increases the attractiveness for a farmer to give up and rent out his land or limit the possibilities for farm growth. Since direct payments are a major income source for Norwegian farms it can be expected that farms with higher direct payments (everything else equal) have a higher WTP for land. Hence, farms having neighbors with higher direct payments (everything else equal) are likely to face stronger competition on the land market which decreases survival probability.
From a political perspective these findings have important implication with respect to the effects of direct payments on farm survival. From the non-spatial results we concluded that increasing direct payments increases the survival probability of farms and that increasing direct payments for all farm can slow down farm structural change. However, from the spatial result we conclude, that increasing own direct payments increase the farms survival probability but negatively affects the survival of neighboring farms. The overall effects of a change in direct payments it thus more complicated and need to consider the actual neighboring relations between farms in the population. This issue is explored in more detailed in the next section.
Policy Scenario simulation
In this section we aim to provide a more complete and meaningful picture on direct payments effects than are offered by the estimation results. We analyze the effect of particular changes in the policy regime on the entire population with a simulation experiment. For this, the following steps are applied; first, predicted survival probabilities are calculated for all farm given the observed data. Then, the total direct payments are calculated for each farm under the new policy regime and, based on those, new survival probabilities derived. Following, the difference between the new and the original survival probabilities are calculated. Finally, the results are aggregated at municipality level be calculating the mean change in survival 26 probability in each region. In order to highlight the differences between the spatial and nonspatial model these steps are performed using the results of each model.
The entry approach is performed for two different policy scenarios. First, we consider a general reduction of all payment rates by 10%. In this scenario all farm types, farm sizes and regions are similarly affected from the reduction. Secondly, an elimination of the structural dimension of the payments is considered. In the current policy regime several support measures differentiate payments rates according to farm size, such that farmers receive more direct payments for the first compared with the last unit (animal head or area). Assuming constant rates equal to the lowest rates currently paid, this scenario implies an overall reduction of total direct payments by around 30% with small farms experiencing a higher reduction than large farms in relative terms. Figure 3 illustrates the results for the first scenario in which all payment rates are reduced by 10%. For the non-spatial results we found a rather modest reduction of the average survival probability of more than half a percentage point in almost all municipalities with most municipalities showing a reduction by more than one percentage point. Considering the spatial interactions weakens the effects of a reduction of direct payments. Now, in most municipalities the survival probability changes only slightly by less than one percentage point, with most municipalities showing a reduction be less than half a percentage point. In 61 municipalities (or 14%) the survival probability even increases.
For the entire country, the mean decrease in survival probability is reduced from 1.04
percentage points for the non-spatial model to 0.26 percentage points for the spatial results. In terms of farm numbers we predict that a reduction of direct payments by 10% leads to an increase of farm exits in the ten year period by 964 farms for the non-spatial model. In the second scenario in which the structural dimension of direct payments is abolished, average survival probability decreases by more than four percentage point in most of the municipalities and by at least one percentage point in all municipalities for the non-spatial model results. In 21 municipalities (or 4%) survival probability decreases by more than six percentage points. With the spatial results, in contrast, average survival probability decreases more moderate by less than four percentage points for most of the municipalities and by less than two percentage points in 50 municipalities (or 12%). For the entry country the mean 28 decrease in survival probability is reduced from 4.00 percentage points for the non-spatial model to 1.60 percentage points for the spatial results. In absolute terms we predict in increase of farm exits by 4.046 farms for the non-spatial result compared to increase of 1.474 farms when considering the spatial model. Without considering the spatial interactions the prediction effects of a change in the policy regime are thus again substantially exaggerate compared to the case which considers the spatial interactions. Figure 4 : Mean municipality change in survival probability for a abolishment of the structural dimension of direct payments in which rates are set equal to the lowest rates currently paid.
Non-Spatial Model results Spatial Model results
Source: Own illustrations. Shape files were derived from the GADM database (www.gadm.org), version 2.0.
Conclusion
To our knowledge the paper is the first that considers farm level spatial interaction in an empirical analysis of farm structural change in general and for an assessment of the effects of direct payments on farm survival in particular. We found that higher direct payments of neighbors' decreases own survival probability. Ignoring this spatial interaction led to a substantial overestimation of the effects of direct payments on farm exits. An overall assessment of the effect of a change in the support regime can therefore not be based on the assumption of independent farm behavior when aggregating individual farm level results at regional level. Instead, changes can only be assessed for the entire farm population considering the spatial interactions capturing competition together with the actual characteristics and locations of farms in space.
In addition, we found that the total economic size of farm is more important than on-farm wage rates. Imperfect labor markets and family farm structures in Norway likely often lead to the requirement of farms being able to support a family or be abolished. This income potential depends mainly on initial farm size and to a lesser extent on the on-farm wage rate. Empirical results indicate that direct payments may somewhat help smaller farm across thresholds for survival, but the probability of survival of larger farms is basically unaffected.
A-1: Analysis of sensitivity of SLX regression results with respect to three different definition of the neighboring relationships. Neighbors defined as 1) all farms with a radius of 2km, 2) five nearest farms and 3) all farms within a radius of the regional median furthest driving distance to fields. 
